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Abstract: The removal of malachite green dye from aqueous solution by Ulva lactuca, Sargassum crassifolium, and Gracilaria corticata
has been demonstrated in order to examine their potential use as low-cost adsorbents. The optimum pH (8.0), temperature (25 °C),
contact time (150 min), and biomass (2.0 g) for removal of dye by algae are reported. The maximum removal percentage of the dye
ranged between 95.6% and 98.3% by using Sargassum crassifolium at the optimal conditions. Minimum removal of dye by algae (69%–
77.1%) was observed with the high dye concentration of 35 mg L–1 at the optimal conditions. Adsorption of the dye by using the biomass
was found to fit well with Langmuir and Freundlich isotherms. The adsorption reaction was spontaneous, exothermic, and highly
favorable by the tested algae. The FT-IR analyses confirmed that hydroxyl, carboxyl, amino, and carbonyl groups were responsible for
the dye binding process. Scanning electron microscopy showed great porosity on the algal surface, which allows the free passage of dye
molecules. The biomass of brown algae was the most effective in the removal of malachite green, followed by green and red algae. The
highest affinity of the brown biomass for dye removal may be due to its high binding site affinity, the negative free energy of adsorption,
and the great pores on its surface.
Key words: Marine macroalgae, malachite green, equilibrium isotherm, thermodynamic, FT-IR, scanning electron microscope

1. Introduction
Dyes are toxic, mutagenic, and dangerous to aquatic
living organisms. They decrease light penetration and
photosynthesis, which causes problems to aquatic groups
(Hammud, 2011). As synthetic dyes are usually designed
to be chemically and thermally stable, dye wastewater
needs to be disposed of accordingly and should not be
discharged directly into bodies of water (Kooh et al.,
2016). Malachite green (MG) is used for the coloring
process in leather, wool, cotton, silk, jute, paper, detergent,
and anthelmintics; it is also used as food coloring and a
food additive (Srivastava et al., 2004). MG is widely used
as a stain for cell and tissue samples during microscopic
analysis and in aquaculture as a fungicide, bactericide,
antiprotozoal, etc. (Hecht and Endemann, 1998). Poe and
Wilson (1983) reported MG residue in fish tissue for the
first time.
MG is environmentally persistent and acutely toxic to
a wide range of aquatic and terrestrial animals (Srivastava
et al., 2004). It causes serious public health hazards and
* Correspondence: hananomar1@yahoo.com

poses a potential environmental problem. Both clinical
and experimental observations reported so far reveal that
MG is a multiorgan toxin. It decreases food intake, growth,
and fertility rates; causes damage to the liver, spleen,
kidneys, and heart; inflicts lesions on the skin, eyes, lungs,
and bones; and produces teratogen effects in rats and mice
(Sundarrajan et al., 2000). Apoptosis in the transitional
epithelium of the urinary bladder and thyroid follicles has
also been observed in MG-fed mice (Culp et al., 1999).
MG is highly cytotoxic to mammalian cells (Fessard et
al., 1999) and carcinogenic to the liver, thyroid, and other
organs of experimental animals (Mahudawala et al., 1999).
Incidences of tumors in the lungs, breast, and ovaries have
been reported in rats exposed to MG. In the thyroid gland,
leucomalachite green results in a blockade of hormone
synthesis, decreases T4 and increases TSH concentrations,
and causes tumors in thyroid follicle cells of rats (Doerge
et al., 1998). Despite being banned in several countries,
the dye is still being used in many parts of the world due
to a lack of a proper alternative. Before the discharge
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of dyes into a stream, it is important to remove the dye
from the wastewater by using an effective treatment
technique. Effluents polluted with dye can be treated by
different techniques such as chemical, physical, radiation,
electrical, and biological processes. Sun and Yang (2003)
reported that the resistance of dyes to heat, oxidizing
agents, and aerobic digestion causes some problems in
treating colored wastewater. Therefore, removal of the dye
by using a nonliving biomass can be used as an alternative
method for the treatment of polluted waters (Robinson et
al., 2001).
Macroalgae or seaweeds belong to one of several groups
of multicellular algae: red algae, green algae, and brown
algae. Macroalgae can be used as nonliving biomasses
to remove various textile dyes. Hence, macroalgae are
nontoxic, low-cost, and easily available biomaterials for
the treatment of colored eﬄuents with different degrees of
success (McKay et al., 1999). Furthermore, dead cells of
algae are easily removed from wastewater after adsorption
of the dye by filtration and can be reused by desorption
process with 0.1 NaOH that removes 99% of the dye from
the algae (Singh and Kaur, 2013). The surface of the algae has
the ability to adsorb pollutants from solutions (Miranda et
al., 2012). Marungrueng and Pavasant (2007) investigated
the adsorption of dye onto the green macroalgal species
Caulerpa lentillifera. Their results were compared to the
sorption performance of a commercial activated carbon.
The results revealed that the algae exhibited greater
sorption capacities than activated carbon for the dye. The
cell wall of marine macroalgae has a good binding affinity
due to the presence of proteins, polysaccharides, and lipids
on the surface that act as binding sites (Davis et al., 2003).
The biosorption depends on the chemical characters of the
pollutant, type of material, and environmental conditions
(Vijayaraghavan and Yun, 2008).
In spite of the scarcity of consistent cost information,
the widespread uses of low-cost adsorbents in industries
for wastewater treatment applications today are strongly
recommended due to their local availability, technical
feasibility, engineering applicability, and cost-effectiveness.
If low-cost adsorbents perform well in removing MG at a
low cost, they can be adopted and widely used in industries
not only to minimize cost-inefficiency but also improve
profitability.
The purpose of the present study was to evaluate the
efficiency of different marine macroalgae collected from
the local habitat for removal of MG dye from an aqueous
solution. The effects of pH, temperature, contact time,
weight of biomass, and dye concentrations on the removal
of the dye were studied. In addition, adsorption isotherms,
thermodynamics, infrared spectroscopy, and scanning
electron microscopy (SEM) were explored.
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2. Materials and methods
2.1. Preparation of biomass
Different marine macroalgae were collected from the
coastal area of Jeddah, Saudi Arabia. The algae were
identified as Ulva lactuca (green), Sargassum crassifolium
(brown), and Gracilaria corticata (red). They were washed
thoroughly with distilled water and dried until constant
weight at 45 °C. The dry sample was ground with a
blender and sieved by using a 1.0-mm standard sieve. A
solution of 0.2% calcium chloride in deionized water was
prepared. Every 1 g of dry powdered sample was washed
with 100 mL of calcium chloride to increase the adsorption
capacity of the biomass. The samples were then washed
with deionized water several times, dried at 45 °C until
constant weight, and kept at room temperature.
2.2. Preparation of dye solution
Malachite green MS dye (C52H54N4O12) was obtained
from Merck, Germany, with a purity of 90% (Figure 1).
The average molecular weight was 927.02. One gram was
dissolved in 1 L of deionized water (1 g L–1) to prepare a
stock solution of the dye. The stock solution was diluted
to obtain different dye concentrations (5, 10, 15, 20, 25, 30,
and 35 mg L–1).
2.3. Effect of different parameters on dye removal
The optimal conditions for the highest removal rate of
dye from an aqueous solution were studied. For these, 100
mL of aqueous solution of dye (5 mg L–1) was placed in
Erlenmeyer flasks and 0.1 g of biomass was added. The
influence of pH, temperature, contact time, and algal
biomass on the removal of the dye was investigated. The
effect of pH (2.0–10) was determined, and the value of
pH was amended by using hydrochloric acid (0.1 M) and
sodium hydroxide (0.1 M). The effect of temperature on the
removal of the dye was tested using different temperatures
(25, 35, 45, and 50 °C). The influence of contact time was
estimated at different times, ranging from 0.0 to 180 min.
To study the influence of adsorbent concentrations on dye
removal from aqueous solution, varying weights of algae
biomass (0.5, 1.0, 1.5, 2.0, 2.5, and 3.0 g L–1 dye solution)
were used. The biomass was discarded by centrifugation

Figure 1. Chemical structure of malachite green dye.
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and the dye concentration was determined in the solution
before and after removal of the dye by measuring the
absorbance at 616 nm using a UV spectrophotometer
(Shimadzu, UV-1800, Japan). The percentage removal of
dye was estimated by using Eq. (1):
Dye removal % = (Ci − Ce) / Ci × 100

(1)

Here, Ci is the initial dye concentration in the aqueous
solution and Ce is the equilibrium dye concentration
expressed as mg L–1.
Values were expressed as means of three replicates
determinations ± standard deviation.
2.4. Adsorption isotherms
Adsorption isotherms were estimated at the optimal
conditions (pH, temperature, contact time, and adsorbent
concentration) for the maximum removal of dye from an
aqueous solution by using different concentrations of dye
(5–35 mg L–1). The Langmuir (1918), Freundlich (1906),
and Temkin (Temkin and Pyzhev, 1940) isotherm models
were used. The Langmuir isotherm model is applied to
monolayer adsorption and the Freundlich model is used
to describe nonideal sorption on heterogeneous surfaces,
as well as multilayer sorption. The Temkin isotherm model
takes into account all the indirect adsorbent–adsorbate
interactions.
The linearized form of the Langmuir model is expressed
in Eq. (2):
1/qe = 1/qm + 1/bqm (1/Ce)

(2)

Here, qe is the value of dye uptake onto biomass in
mg g–1, qm is the constant of Langmuir representing
the maximum capacity (mg g–1), and b is the Langmuir
constant and belongs to the binding site affinity (L mg–1).
Ce is the dye concentration at equilibrium in the solution
(mg L–1). The value of intercept 1/bqm and the slope of 1/
qm for adsorption of MG onto biomass was obtained from
plotting the relation between 1/qe and 1/Ce.
The linearized form of the Freundlich model is
represented in Eq. (3):
ln qe = ln KF + 1/n ln Ce

(3)

Here, qe is the value of dye adsorbed onto biomass at
equilibrium (mg g–1), KF is an indication of the adsorption
ability and represents the relative adsorption ability (mg
g–1), n is a constant that belongs to sorption intensity, and
Ce is the dye concentration at equilibrium (mg L–1).
The Temkin model is applied using Eq. (4):
qe = RT/bT ln AT + RT/bT ln Ce

(4)

Here, R is the universal gas constant, T is the absolute
temperature, bT is the Temkin constant related to heat of
sorption (J mol–1), AT is the Temkin isotherm constant (L
g–1), and RT/bT = B, where B is a constant related to the
heat of adsorption (J mol–1). AT and bT are constants for
adsorption of dye onto the biomass and were estimated
from the slope and intercept of the plot obtained by
plotting qe versus ln Ce.
2.5. Thermodynamic study
The free energy of the sorption reaction was represented
by Eq. (5):
∆G° = −RT ln Kc

(5)

Here, ∆G° is the change in free energy (kJ mol–1), R
is the gas constant (8.314 kJ mol–1), T is the absolute
temperature, and Kc is the equilibrium constant.
The thermodynamic values including the change in
free energy (∆G°), enthalpy (∆H°), and entropy (∆S°)
were calculated by the change of temperature with the
equilibrium constant as shown in Eq. (6):
ln Kc = –∆H°/RT + ∆S°/R

(6)

2.6. Infrared spectroscopy
An infrared spectrophotometer (Tensor 27, Bruker, the
Netherlands) was used to study the functional groups on
the surface of the biomass.
2.7. Scanning electron microscopy
The biomass surface was scanned before and after
treatment with the dye by using a scanning electron
microscope. SEM images were obtained by using a JEOL
(JSM-5200 LV, USA) microscope.
3. Results
3.1. Effect of pH
The results showed that the removal of MG dye (5 mg
L–1) increased with increasing pH from 2.0 up to 10 by
using the tested algal biomasses (0.1 g 100 mL–1) after 1
h of sorption (Figure 2). Maximum removal of dye by the
biomass of S. crassifolium (95.6%), U. lactuca (93.8%),
and G. corticata (92.5%) was observed at pH 8.0 and the
adsorption was approximately constant at a pH of <8.0.
However, minimum percentage removal of MG ranged
from 80.9% to 89% at pH 2.0 and 4.0.
3.2. Effect of temperature
Figure 3 represents the removal percentage of MG dye
by using different biomasses at different temperatures of
25, 35, 45, and 55 °C after 1 h of sorption. The increase
in temperature from 25 to 55 °C led to a decrease in the
removal efficiency of dye from 94.5% to 91.9%, from 95.7%
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Figure 2. Removal of malachite green dye under the effect of different pH values by
using marine macroalgae biomass. Data represented as mean ± SD (n = 3).

Figure 3. Removal of malachite green dye under the effect of different temperatures
by using marine macroalgae biomass. Data represented as mean ± SD (n = 3).

to 90.1%, and from 93.3% to 87.5% by using the biomass
of U. lactuca, S. crassifolium, and G. corticata, respectively.
The removal of dye was found to be maximum at 25 °C and
minimum at 55 °C by using the algal biomasses.
3.3. Contact time
The effect of contact time (0.0–180 min) between the algal
biomass and MG dye on removal efficiency is shown in
Figure 4. The removal of dye by U. lactuca, S. crassifolium,
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and G. corticata increased quickly during the first 10
min (67%, 75%, and 62%, respectively), then increased
moderately at 45 min (91%, 93%, and 89%) and finally
reached equilibrium (97%, 98%, and 96%) after 150 min.
3.4. Weight of biomass
The effect of different weights of algal biomasses (0.5–
3.0 g) on the uptake of dye from the solution was tested
(Figure 5). The results showed that the removal of dye
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Figure 4. Removal of malachite green dye under the effect of contact time by using marine
macroalgae biomass. Data represented as mean ± SD (n = 3).

Figure 5. Removal of malachite green dye under the effect of different weights of marine
macroalgae biomasses. Data represented as mean ± SD (n = 3).

increased with increasing weight of biomass up to 2.0 g.
The maximum removal of dye (97.8%, 98.3%, and 96.2%)
was obtained by 2.0 g of U. reticulata, S. crassifolium, and
G. corticata, respectively. Further increase in biomass
weight did not increase the rate of dye removal.
3.5. Dye concentration
The effect of different dye concentrations (5–35 mg L–1)
on the removal of MG dye at the optimum conditions
of pH (8.0), temperature (25 °C), weight of biomass (2.0

g), and contact time (150 min) is illustrated in Figure 6.
The results showed that the removal percentage of dye
by algae decreased with increasing dye concentration.
The minimum dye removal rates were 73.0%, 77.1%, and
69.0% by using U. lactuca, S. crassifolium, and G. corticata,
respectively.
3.6. Adsorption isotherms
As shown in Table 1, the Langmuir isotherm data revealed
that maximum capacities (qm) were 42.30, 43.40, and 41.22
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Figure 6. Removal of different concentrations of malachite green dye by using marine
macroalgae biomass. Data represented as mean ± SD (n = 3).

Table 1. Langmuir, Freundlich, and Temkin isotherm parameters for removal of malachite green dye by using marine macroalgae
biomasses.
Langmuir

Freundlich

Temkin

Algae

qm
(mg g–1)

b
(L mg–1)

RL

R2

KF
(mg g–1)

n

R2

AT
(L mg–1)

bT

B
(J mol–1)

R2

U. reticulata

42.30

0.220

0.115

0.995

9.24

1.83

0.990

1.76

232

10.68

0.984

S. crassifolium

43.40

0.228

0.111

0.998

9.43

1.88

0.996

1.77

243

10.19

0.985

G. corticata

41.22

0.150

0.161

0.992

8.22

1.65

0.985

1.35

211

11.74

0.980

mg g–1 for U. reticulata, S. crassifolium, and G. corticata,
respectively. Affinity with the binding site (b) was 0.220,
0.228, and 0.150 L mg–1, respectively. The Langmuir
constant (b) was used to show the affinity of adsorbent to
adsorbate through RL (dimensionless separation factor). RL
was expressed as follows (Malik, 2004):
RL = 1/(1 + bCo)
RL indicates that the shape of the isotherm may be
favorable (0 < RL < 1), unfavorable (RL > 1), linear (RL = 1),
or irreversible (RL = 0).
The values of RL for U. reticulata, S. crassifolium, and
G. corticata were 0.115, 0.111, and 0.161, respectively,
clarifying that the removal process of MG dye by using
algal biomasses is favorable (Table 1). As seen from the
results, the brown alga S. crassifolium was found to be more
favorable for MG removal than the other tested algae.

20

The Freundlich isotherm showed that the plot of ln qe
versus ln Ce gives a straight line with a slope of 1/n and
intercept of ln KF for adsorption of MG dye by using algae.
The values of n were found as 1.83, 1.88, and 1.65 for U.
reticulata, S. crassifolium, and G. corticata, respectively
(Table 1). The adsorption capacities (KF) were 9.24, 9.43,
and 8.22 mg g–1 for U. reticulata, S. crassifolium, and G.
corticata, respectively. KF for S. crassifolium was highest as
compared with the other tested biomasses.
The results in Table 1 show that AT was 1.76, 1.77,
and 1.35 L mg–1 for U. reticulata, S. crassifolium, and
G. corticata, respectively, according to the Temkin
isotherm. The bT values were 232, 243, and 211 for U.
reticulata, S. crassifolium, and G. corticata, respectively.
B values for these algae were 10.68, 10.19, and 11.74 J
mol–1, respectively.
According to the Langmuir, Freundlich, and Temkin
isotherms (Table 1), the correlation coefficients (R2) of
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the S. crassifolium biomass have the highest values (0.998,
0.996, and 0.985, respectively), followed by U. reticulata
(0.995, 0.990, and 0.984, respectively) and G. corticata
(0.992, 0.985, and 0.980, respectively). It can be observed
that the presented algae possess a great ability for removal
of dye and consequently decrease the toxic effect of the dye
in solution.
3.7. Thermodynamic study
Thermodynamic values are given in Table 2. ∆G° was
estimated as –6.1 kJ mol–1, –6.4 kJ mol–1, and –5.9 kJ
mol–1 for the biomasses of U. reticulata, S. crassifolium,
and G. corticata, respectively. The values of ∆H° and
∆S° for U. reticulata (–8.75 kJ mol–1 and –8.04 kJ mol–1),
S. crassifolium (–7.20 kJ mol–1 and –2.50 kJ mol–1), and
G. corticata (–19.73 kJ mol–1 and –43.82 kJ mol–1) are
presented in Table 2.
3.8. IR spectral analysis
The IR spectral analysis of the U. reticulata cell wall
(Figure 7a) showed different functional groups at 3422
cm–1 (υOH and υNH), 2924 cm–1 (υCH), 1638 and 1428

cm–1 (υCOO–), 1638 and 1531 cm–1 (amide I and amide
II), 1241 cm–1 (υSO3), 1156 cm–1 [υC-O (ether)], and
1027 cm–1 [υC-O (alcohol)]. The IR spectra after dye
removal (Figure 7b) showed changes in the position of the
adsorption peak at 1638 cm–1, 1428 cm–1, and 1531 cm–1
due to υCOO–, amide I, and amide II.
The IR spectral analysis of S. crassifolium biomass
before dye treatment (Figure 8a) clarified the presence of
adsorption bands on the cell wall at 3447 cm–1 (υOH and
υNH), 2927 cm–1 (υCH), 1634 and 1442 cm–1 (υCOO–),
1250 cm–1 (υSO3), 1161 cm–1 [υC-O (ether)], and 1027
cm–1 [υC-O (alcohol)]. The position of adsorption peaks at
υOH and υC = O of the algae changed after dye treatments
(Figure 8b), which confirms the involvement of these
groups in dye removal.
On the other hand, IR spectra for G. corticata (Figure
9a) revealed the appearance of adsorption bands on the
cell surface at 3424 cm–1 (υOH and υNH), 1649 cm–1 (υC =
O), 1458 cm–1 (υNH amide I), 1381 cm–1 (amide II), 1256
cm–1 (υSO3), 1157 cm–1 [υC-O (ether)], and 1067 cm–1 [υC-

Table 2. Thermodynamic parameters and activation energy for removal of malachite green dye
by using marine macroalgae biomasses.
Algae

∆G° (kJ mol–1)

∆H° (kJ mol–1)

∆S° (kJ mol–1)

U. reticulata

–6.1

–8.75

–8.04

S. crassifolium

–6.4

–7.20

–2.50

G. corticata

–5.9

–19.73

–43.82

Figure 7. FT-IR spectrum of U. reticulata before (a) and after (b) malachite green dye
treatment.
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Figure 8. FT-IR spectrum of S. crassifolium before (a) and after (b) malachite green dye
treatment.

Figure 9. FT-IR spectrum of G. corticata before (a) and after (b) malachite green dye
treatment.

O (alcohol)]. The change in adsorption position for υC =
O of an amide group was observed after biosorption of
MG onto the tested biomass (Figure 9b), which indicates
the involvement of these groups in dye biosorption.
The results of IR analysis clarified that intermolecular
interactions between MG and the tested algae were as
follows: 1) ionic between the negative charge on the
carboxylate group and MG as a cationic dye, 2) the
coordinate bond between the lone pair of electrons on the

22

OH group or NH2 group and MG, 3) van der Waals forces
between nonpolar groups of both MG and algae, and 4)
ion–dipole bond between the negative dipole end of the
carbonyl group and MG.
3.9. Scanning electron microscopy
An assessment of the morphological changes in cells of
U. lactuca, S. crassifolium, and G. corticata biomasses in
response to dye adsorption was performed by SEM (Figure
10). The cells of algae were smooth with a highly porous

OMAR et al. / Turk J Bot

Figure 10. Scanning electron microscopy of the surface of U. lactuca (U), S. crassifolium (S) and G. corticata (G)
before (a) and after (b) malachite green dye treatment.

structure that was hole-like before exposure to MG dye
(Figure 10, Ua, Sa, and Ga). After exposure of the biomass
cells to the dye ions, the surface became rough and
meandrous due to precipitation of dye ions around the cell
surface (Figure 10, Ub, Sb, and Gb).
4. Discussion
The present study clarified that the removal of MG dye
by using algal biomass is affected by pH. The removal of
dye was increased to some extent by increasing the pH.
Maximum removal of the dye was observed at pH 8.0.

Anbia and Ghaffari (2011) found that the removal of dye
by adsorbent mass decreased at low pH and increased at
pH 8.0–10. Belloa et al. (2014) showed that 95.06% of MG
was removed at pH 8.0 by using Citrus grandis. The pH
of the solution affects the removal process; this is related
to the disintegration of functional groups, the degree of
ionization of the dye, and the active sites of the biomass
(Nandi et al., 2009). The high rate of removal of the dye
at pH 8–10 may be due to changes in the structure of
MG molecules, as mentioned by Sun and Tomkinson
(2001). Maurya et al. (2006) found that the increase in dye
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removal by using dead biomass was due to deprotonating
of the different functional groups. At acidic pH, the low
adsorption of MG by the tested algal biomass may be
related to the competition between the abundant hydrogen
ions and dye cations for the adsorption sites of the algae
(Punjongharn et al., 2008).
The removal rate of the dye from an aqueous solution
by using the algal biomass decreased with increasing
temperature. A similar result was obtained by Chiou and
Li (2002), who concluded that the removal of the dye
decreased with increasing temperature in solution. Deokar
(2016) showed that the greatest removal of the dye by green
algae (Enteromorpha intestinalis) was observed at room
temperature. This result may be due to the weak linkage
between active sites of the biomass and dye molecules at
high temperatures. In addition, the active binding sites of
the biomass may be damaged by raising the temperature.
The removal rate of MG dye was found to increase with
increasing contact time and reached equilibrium at 150
min. Daneshvar et al. (2012) showed that the removal of
dye by algae rapidly increased during the first 10 min and
approached equilibrium within 90 min. The differences in
removal rates between the algal biomasses may be due to
the differences in the structure and properties of the algal
cell wall, surface area, and density of surface charge (Gupta
and Rastogi, 2009). The initial rapid phase may include
ion exchange or physical adsorption at the cell surface.
However, the slower phase may involve other mechanisms
such as saturation of binding sites and complexity or
microprecipitation (Gupta and Rastogi, 2009). The results
suggest that there is high affinity and a strong electrostatic
force of attraction between the functional groups on the
surface wall of algae and the MG dye (Cengiz and Cavas,
2008).
From the results, it can be observed that the removal
efficiency of the dye generally improved with increasing
algal biomass and reached equilibrium at 2.0 g of biomass.
Ruangsomboon et al. (2013) reported that the removal of
MG decreased from 8.60 to 0.77 mg g–1 when the Padina
sp. biomass was increased from 0.5 to 6 g L–1. Biosorption
of MG by freshwater alga Pithophora sp. decreased from
42.2 mg g–1 to 9.2 mg g–1 with an increase in biomass
concentration from 0.02 g to 0.06 g, whereas the
percentage of MG removal increased from 57.8% to 90.8%
(Kumar et al., 2006). Kannan et al. (2010) reported that
the amount of dye adsorbed varied with initial adsorbent
(Turbinaria conoides) dosage. The amount of dye adsorbed
decreased from 41.5 to 28.46 mg g–1 with an increase in
biomass dosage from 0.25 to 0.55 g. Jayaraj et al. (2011)
showed that the percentage removal of MG dye by using
the marine alga Enteromorpha (50–350 mg) increased
with adsorbent dose. Cengiz and Cavas (2008) recorded
a sharp increase in the adsorbed dye by increasing the
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dose of Caulerpa racemosa var. cylindracea. Similar
results were obtained for dye removal using Cystoseira
barbatula (Caparkaya and Cavas, 2008) and Chaetophora
sp. (El Jamal and Ncibi, 2012). At lower biomass doses, the
removal efficiency decreased due to the rapid saturation
of adsorption sites with ions of the dye. Deokar (2016)
reported that when the biomass concentration is lower,
the active sites are effectively utilized. Indhumathi et al.
(2014) observed that the removal percentage increases
rapidly with the increase in the dose of adsorbents. This is
due to a greater availability of surface area with increased
amount of biomass; some of the available active sites may
remain uncovered leading to a lower specific uptake.
Moreover, the percentage of adsorption of the adsorbent
is determined by the adsorption capacity of the adsorbents
(Ponnusami et al., 2009).
The removal percentage of MG dye by using algal
biomass decreased with increasing dye concentration.
Khaled et al. (2005) showed an increase in the removal of
the dye by Ulva lactuca with increasing dye concentration.
Tahir et al. (2008) showed an improvement in the removal
of the dye by Ulva lactuca and Sargassum species. They
also observed that the adsorption was dependent on initial
dye concentration; as the concentration increased, the
uptake increased. This result may be due to the increase in
the mass gradient pressure between the biomass and the
solution (Hameed, 2009). The gradient acts as the force that
drives the dye molecules from the solution to the surface
of the biomass. The reduction in adsorption capacity with
increasing dye concentration may be due to the high
concentration of the dye compared to the biomass dosage
(Chen and Zhao, 2009). The available sites of adsorption
decrease at high dye concentrations, and consequently the
removal of dye is related to the initial dye concentration.
The adsorption isotherms represent the relationship
between the amount adsorbed by a unit weight of solid
adsorbent and the amount of adsorbate that remained in
the solution at equilibrium time. The Langmuir isotherm
refers to homogeneous monolayer adsorption. According
to the results of the Langmuir isotherm, the biomass of S.
crassifolium had the highest affinity of the binding site (b)
towards MG dye.
At the same time, the low values of RL clarified that the
removal process of MG dye by using algal biomasses was
favorable. The lowest value of RL means high adsorbent to
adsorbate affinity (Jelínek et al., 2015).
The Freundlich isotherm discusses the heterogeneous
surfaces of multilayer adsorption. Generally, n > 1 means
that the MG dye is favorably adsorbed onto the biomass.
Accordingly, the biomass of S. crassifolium could have the
maximum adsorption capacity and the highest binding
affinity with MG dye, followed by U. reticulata and G.
corticata.
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The Temkin isotherm investigated the influence of
some indirect interactions of sorbate (biomass)/adsorbate
(dye) on the isotherm of adsorption and proposed that
the heat of molecule adsorption decreased linearly in the
layer. The low values of B (constant related to the heat of
adsorption) indicated the presence of a weak interaction
between sorbent and adsorbate.
The values of R2 were used as the fitting criteria
for comparing the Langmuir, Freundlich, and Temkin
isotherms. Based on the high correlation coefficient
values (R2), the Langmuir and Freundlich models were
found to be more favorable for explaining the adsorption
behavior of MG dye onto the tested biomass. On the other
hand, both homogeneous and heterogeneous adsorption
energies occurred during the process. In agreement with
our results, Jayaraj et al. (2011) showed that the adsorption
of MG dye onto Ulva lactuca and Enteromorpha was fitted
with the Langmuir and Freundlich adsorption isotherms.
However, Ramya et al. (2016) found that the adsorption of
MG dye onto the mass follows the Langmuir adsorption
isotherm model only. At the same time, Hii et al. (2011)
confirmed that the high values of the correlation coefficient
of both the Langmuir and Freundlich models (R2 > 0.95)
are favorable for characterization of the sorption of the
dye by red alga Aristaeomorpha foliacea. The application
of both the Langmuir and Freundlich isotherms to the
sorption study indicated that the A. foliacea biomass might
exhibit both monolayer adsorption and heterogeneous
surface conditions (Kumari and Abraham, 2007).
Thermodynamic study can be used to predict the
feasibility of the adsorption process. The negative values of
∆G° showed that MG adsorption onto the tested algae was
a spontaneous and highly favorable process. The highest
affinity of the brown alga S. crassifolium for removal of
the dye may be attributed to the highest negative ∆G°
value recorded for the sorption reaction of S. crassifolium
compared to the corresponding ∆G° values for U. reticulata
and G. corticata. The negative values of ∆H° indicated that
biosorption is an exothermic process, and the negative
∆S° values represent the decreasing randomness during
the removal process of the solid/liquid interface. These
results may explain the greatest ability of S. crassifolium
biomass for removal of MG dye. The negative value of
∆G° for all temperatures suggested that adsorption was a
spontaneous process (Fil, 2016). The negative value of ∆S°
clarified a tendency to lower disorder at the solid–solution

interface during the adsorption process (Nethaji et al.,
2010). Also, the negative value of ΔH° in the present study
indicated that dye adsorption by using the tested algae was
exothermic. Boundary layer thicknesses decreased at a
very high temperature due to the increase in dye molecules
getting away from the adsorbent surface to the solution
(Saha et al., 2010).
According to IR spectral analysis the changes in the
position of functional groups of algal biomasses after dye
treatment establish the participation of these groups in
MG removal. The algal cell walls contain a high amount
of polysaccharides; some of them are associated with
proteins and other components (Williams and Edyvean,
1997; Tüzün et al., 2005). These molecules on the algal cell
surface have several functional groups such as carboxyl,
amino, phosphate, thiol, and sulfhydryl groups (Tüzün et
al., 2005). From the present results, it is assumed that the
dye was integrated with the adsorbent through interaction
with the active functional groups, as supposed by Jayaraj
et al. (2011).
The morphological changes of the tested algal surface
after dye adsorption may be attributed to the differences in
pores, morphology, and structure of the cell walls of algae.
The cell wall of S. crassifolium was very porous and easily
permeable to ions. This may explain the highest affinity
of S. crassifolium biomass for removal of MG dye. Deokar
(2016) and Fakhry (2013) recorded changes in surface
porosity of algae due to dye adsorption.
It can be concluded that the biomass of green, brown,
and red marine algae may facilitate the removal of MG
from polluted water. The removal of dye is dependent on
the dye concentration, algal concentration, temperature,
and pH. The experimental data correlated well with the
Langmuir and Freundlich adsorption isotherms. The
negative ∆G° values indicated that the algae employed
have noticeable potential as adsorbents for the removal
of MG dye. Undoubtedly, marine macroalgae perform
well and offer many promising benefits for commercial
purposes in the future.
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